Abstract: The hydrologic cycle in Slovakia is determined mainly by three basic components: precipitation (P ), evapotranspiration (E) and runoff (R). The mean annual P total was 747 mm, E sum 476 mm and the mean R was 271 mm in Slovakia in 1951-1980 (E ≈ 0.65P and R ≈ 0.35P ). T increase in 1.6
Introduction
The annual temperature (T ) increase in 1.6
• C and annual precipitation (P ) decrease in 24 mm (3.1%) were registered in Slovakia in the period 1881-2007 (based on 3 temperature series and the Double Weighted Average Method (DWAM) of areal P totals calculation from 203 stations). On the other hand, the annual relative air humidity (U ) means (based on Hurbanovo data only) decreased in 5% and the April-September season U means by 6% since 1901. Details can be found in Faško et al. (2008) . Water vapour pressure (e) had an insignificant linear trend in 1901-2007 with some lower values in 1976-1993 , mainly in the April-September season . It can be stated, when analyzing shorter series from other sites in Slovakia, that no significant deviations compared to Hurbanovo series were found. The decreasing U trend is more pronounced in the lowlands of the southwestern Slovakia than in the lowlands of the remaining part of the country (Lapin & Melo 2004) .
Data
Hurbanovo Meteorological Observatory (Slovak Hydrometeorological Institute -SHMI) represents the region of the Danubian Lowlands in Slovakia quite well. It lies in the southwestern Slovakia (altitude 115 m a.s.l.). This Observatory was established in 1871, an uninterrupted professional observation since the beginning is important. To prepare climatic analyses, we used also the data from stations Košice (altitude 230 m a.s.l.) in the southeastern Slovakia and Liptovský Hrádok (altitude 640 m a.s.l.) in the northern Slovakia. Moreover, we used also areal precipitation totals in whole Slovakia calculated by the DWAM method from 203 stations in 1901-2007. The input data for evapotranspiration calculation (Budyko method) were: the monthly values of air temperature and humidity, cloudiness, the number of days with snow cover and precipitation from the network of 31 meteorological stations in Slovakia with uninterrupted series of observation since 1951 (only four of them are shown in Table 1 ). Nearly all the stations from this selection measure also the sunshine duration. All cloudiness monthly data have been tested for homogeneity and homogenized using the sunshine duration measured data. The time series of other elements have been considered as homogeneous after preliminary homogeneity testing by Craddock test (Hrvoľ et al. 2001) .
Changes in evapotranspiration
Regimes of air humidity, potential (E o ) and actual (E) evapotranspiration, soil moisture and runoff have been changed predominantly in the southern half of Slovakia.
The annual E o increased in 17.5% at Hurbanovo (by 17.7% in the growing period April-September, Fig. 1 ). 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 Eo [mm] E oA E oV On the other hand, the E sums (by the modified Budyko method, Budyko 1978 ) decreased in about 20% in the growing period until 1993 and then they slightly increased (Fig. 2) , probably under decreasing soil moisture. The U in the growing period significantly decreased also in 1994-2007 period when the e means increased in about 1.0 hPa compared to 1976-1993 period. Decrease in U means at Hurbanovo in the springsummer season 1994-2007 was as follows (compared to 1901-1990 long-term averages): March by 2.4%, April by 3.7%, May by 3.3%, June by 4.0%, July by 3.0% and August by 2.0% (more details in Lapin et al. 2008) . The previous analyses have been published in Hrvoľ et al. (2001) and . It must be also stressed that a great importance of a possible drought spells occurrence increase due to warming of the climate in the next decades (IPCC 2007; Lapin et al. 2006; etc.) . This assumption is based mainly on the clear physical relation among the air temperature, air humidity and precipitation changes resulting in changes of E o and E, and finally in changes of soil moisture. Slovakia has very different water balance conditions between the lowlands (in the southern Slovakia) and mountains (in the northern Slovakia). While, for all Slovakia, in the water balance app. 65% of P is evaporated and 35% of P creates the runoff , the Danubian Lowland around Hurbanovo is significant with a greater share of evaporation (>80%) from the annual P totals compared to the runoff (<20%). So, any increase in E o , or any decrease in P is very important in this area.
Appropriate measure of evapotranspiration conditions is also a "drought index" E o /P (in Table 1 for stations Hurbanovo, Kamenica n/Cirochou (E Slovakia), Oravská Lesná (NW Slovakia) and Štrbské Pleso (mountains in N Slovakia). It can be seen that the lowland at Hurbanovo has a significantly greater E o than the annual P total. The future changes in E o (increase) and P (no change, or a small decrease in the summer) can significantly influence the "drought index" towards some increase.
Methods and results
There are series of the SHMI free water surface evaporation measurements by about 35 GGI-3000 evaporimeters since 1969 available. These data are not fully suitable for water balance evaluation of river basins and agricultural fields because of different evaporation conditions. That is why a complex Budyko method was adopted and modified for Slovakia (Hrvoľ et al. 2001) . The monthly potential evapotranspiration sums (E o ) are derived from the equation of water vapour diffusion in the atmosphere: 1951 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 where ρ is the air density, D is the integral diffusion coefficient, s * is the saturated specific humidity at the temperature of evaporating surface and s 2 is the specific humidity in meteorological shelter. The actual evapotranspiration sum ( E) is supposed to be proportional to the potential evapotranspiration sum (E o ) as follows (simplified scheme):
the storageW is specified as the moisture stored in the upper soil layer of one m depth, W o is the critical value above which the E equals E o . The average soil moistureW = (W 1 + W 2 )/2 is determined from the water balance equation by the method of step-by-step approximation (W 1 is the moisture stored in the soil at the beginning of the month and W 2 at the end). The W o usually represents a layer of 100 to 200 mm water with seasonal and regional variations. Downscaling of outputs from the global and regional General Circulation Models (GCMs) is possible by use of two basic methods (Boer et al. 2000; IPCC 2007; Lapin & Melo 2004 ) -the statistical (some interpolation procedure) and the dynamic one (regional or local model of the atmosphere dynamics). We used the statistical approach to modify the outputs of the newest Canadian GCM (CGCM3.1) for any site in Slovakia. This procedure was described more in details in Lapin et al. (2006 Lapin et al. ( , 2008 , small changes have been made in this method recently. Nine CGCM3.1 grid points round Slovakia were used in this study.
Output of the CGCM3.1 uses the SRES A2 and SRES B1 emission scenarios assessments. The first one Possible impacts of climate change on hydrologic cycle in Slovakia represents the pessimistic supposition of mankind behaviour up to 2100 and the second the optimistic one. Emission of CO 2 is supposed as 28.9 Gt by the SRES A2 (cumulative 1773 Gt) and 5.2 Gt by the SRES B1 (cumulative 989 Gt) in 2100 (Lapin et al. 2006; IPCC 2007) . This difference is seen in all scenarios after 2040 (Fig. 3) .
The long-term patterns of T (Fig. 3) influence also the patterns of e because of a clear physical relation between the temperature and humidity in real conditions. The model CGCM3.1 does not suppose any significant change in U ). This causes nearly the same behaviour of e averages as the T ones in the April to September season. Therefore, the modelled saturation deficit (d ) will increase in up to 2100, both in A2 and B1 emission scenarios . A more intense d increase is modelled for the A2 scenario (about 40% trend in 1961-2100, only about 17% at B1). Some stabilization of d values at the B1 scenario in 2070-2100 is caused by a significant decrease in the global greenhouse gases emission projected after 2050. As a final result, the comparison of E o calculated by the Budyko method from the measured data in 1961-2007 at Hurbanovo and the model calculation of CGCM3.1 outputs modified for Hurbanovo by the Zubenok method of E o calculation (nomograms of E o and d relations for each month and several geobotanic zones; Recommendation Zubenok (1976) in 1961-2100 are presented in Fig. 4 .
Both calculations were provided independently, that is why the values based on the measured data do not correspond to the values coming from the modified GCCM3.1 outputs. If the more probable A2 scenario fulfils, the increasing trend of E o in the growing season by about 25% will occur. This is significantly more than the expected increase in the annual P total (summer P totals will probably decrease). The optimistic B1 scenario supposes stabilization of E o sums at about 15% higher level than at present.
In many cases the numerical model outputs have insufficient data density for the meteorological and climatologic purposes. To obtain the atmospheric fields in a more detailed structure than the original data, downscaling methods are applied. It can be effective, for example, to apply statistical downscaling, where sets of measured and computed data are available. This approach serves the next features: completeness, consistency, sufficiency, robustness and computational convenience. But these advantages could become disadvantages when absence of the proper measured data is observed or when, for example, the model output data are frequently changed by the reason of the model architecture changing. The next disadvantage could be observed when direct physical dependences among the variables are implemented to the statistical scheme, therefore the statistical approach is usually considered as a static approach.
Implementation of the physical features to the downscaling methods triggers the block of methods called dynamic downscaling. The atmospheric dynamics and statics can be described by governed equations. Variables dependence presented in the governed equations could be an effective implement to the downscaling scheme. It is important to know the applicability of these equations. For example, simplification of the third momentum equation to the hydrostatic form makes limits for spatial resolution of the examined data. Governed equations are partial differential equations, which could not be solved analytically. For this reason the numerical approach is applicable.
The numerical scheme applied to solve these equations is based on the Arakawa and Lamb energy conservation scheme for a non-divergent flow (Arakawa & Lamb 1977) . This model works with the surface air pressure, zonal and meridional wind components and temperature as the prognostic variables. The geopotential of the general sigma levels and generalized vertical velocity are the diagnostic variables. In the vertical direction, the staggered grid is used and the top of the models is at 200 hPa in this time. The vertical layer is divided into 22 layers and sub-layers. In the horizontal direction the staggered "C" grid is used. In the vertical direction the turbulent mixing is applied. Turbulence scheme is based on the Monin-Obukhov similarity theory. It could be thought that the use our governed equations for dynamical downscaling is equivalent to the integration of a simplified limited area model (LAM). It can be noted that, in this context, there are no differences, the same mechanism is generally applied to provide the results. Our interest is to obtain the meteorological fields with a higher density than the original data. During the model integration, consistency among meteorological variables is sustained. Classical integration is done when time evolutions of variables are expected.
To take advantages from the dynamical data downscaling approaches, we use the technique called the dynamical adaptation (DA). DA is another way how to increase the data resolution. The main principle of the dynamical adaptation is a short (about 30 min) integration of numerical model with lateral condition constant in time. The model is initialized by the data interpolated from source with a lower resolution (GCMs or reanalysis). DA enables to adapt the downscaling technique by the means of choosing the numerical model. This approach suppresses the time variation of variables, which is ineligible in our case (there is a reason to keep short time of integration).
Dynamic downscaling is a necessary step prior to areal consideration on the climate change development (Gera et al. 2007 ). Complete final results of GCMs dynamic downscaling applied in various climatic variables scenarios design and at the recent climatic period will be published in close future.
Unusually warm period 1988-2007
In 1991-2001 several scenarios of climate change were issued in Slovakia for T means and P totals (based on different methods). In Table 2 , only the mostly applied ones by users, only for the 2010 time frame and compared with the 1988-2007 period (Lapin & Melo 2004; Faško et al. 2008 ) are presented.
It can be seen that the deviations for period 1988-2007 (1998 time frame) roughly correspond to, or at T also exceed, the scenarios projected for the time frame 2010, i.e. 12 years later. Details are presented in Faško et al. (2008) . Our conclusion is that the climate change development in Slovakia is at T rise more rapid than it was supposed by any scenario designed in 1991-2000 for Slovakia. The 20-year time frame is too short for P totals, so detailed evaluation of P scenarios would be possible to be issued in 10 years only. In spite of this, the process of the climate change in Slovakia indicates that we can expect a significant rise of E o (because of a rapid rise of the mean T and no change of U ) and a moderate rise or no change of E. Summer and the growing period P totals tend to stabilize or slightly decrease. This will surely result in decrease in the soil moisture and the runoff nearly over the whole Slovakia, mainly if the A2 scenario fulfils. This tendency can be observed also at present, predominantly in the southern Slovakia.
The global radiation is the basic energy source for evapotranspiration (latent heat flux). It can be seen from Tab. 4 that no significant changes in the income energy have been measured between the periods 1951-1987 and 1988-2007 . Also the climate change scenarios suppose only insignificant changes in the global radiation energy flux toward the Earth surface until the year 2100 (Lapin & Melo 2004; IPCC 2007) .
To conclude we can state that up to present, results indicate no significant change in the relative air humidity averages compared to the recent values. Some decrease in the relative humidity and some increase in the global radiation are supposed in the southern Slovakia during the 21 st century. Physically based scenarios of the potential and actual evapotranspiration designed on the supposed changes in precipitation, air temperature and humidity show significant changes in the hydrologic cycle both in the southern and northern Slovakia, mainly in case of long periods with lower precipitation totals. On the other hand, exceptional occurrence of summer cyclonic weather can result in serious flooding (Hlavčová et al. 2004 ).
